Purpose The aim of this study is to evaluate the ocular pulse amplitude (OPA) and choroidal thickness (CT) measurements in patients with diabetic macular edema (DME) and healthy subjects. Methods A total of 34 patients (12 male and 22 female) who had type 2 diabetes mellitus with DME and 34 sex-matched healthy subjects (13 male and 21 female) were included in this prospective study. The intraocular pressure (IOP) and OPA were measured with Dynamic contour tonometer (Pascal DCT, Switzerland). The subfoveal CT was measured using the Cirrus HD-OCT (Carl Zeiss Meditec). The CT at 1500 μm and 3000 μm nasal and temporal to the central fovea was also measured. Results The mean IOP values were 18.4 ± 3.5 and 17.1 ± 2.1 mm Hg in DME patients and healthy controls, respectively (P = 0.091). The mean OPA values in patients with DME (2.58 ± 0.96) and controls (3.52 ± 1.03) were statistically different (Po0.001). The mean subfoveal CT value was 273.5 ± 30.2 μm in the eyes with DME and 321.4 ± 36.5 μm in the control group (Po 0.001). In both groups, linear regression analysis showed no significant association between OPA and CT measurements. The IOP showed a significantly positive correlation with OPA in both DME (P = 0.002, r = 0.526) and controls (P = 0.004, r = 0.483). Conclusions The current study suggests that both pulsatile choroidal blood flow and CT are decreased in patients with DME.
Introduction
Diabetic macular edema (DME) is the leading cause of blindness in patients with diabetic retinopathy worldwide. 1 Although alterations in retinal vasculature resulting in compromise of the blood-retinal barrier have been demonstrated to have a critical role in the pathophysiology of the disease, changes in the choroidal vasculature may also have a contributing role.
Detailed visualization of the choroid is now possible with the spectral domain-optical coherence tomography (SD-OCT) imaging. Recent studies applying SD-OCT to evaluate choroidal thickness (CT) in eyes with DME have demonstrated altered and inconsistent CT measurements. [2] [3] [4] [5] [6] [7] One important explanation for these variable results is these studies include eyes that received treatment with intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy, which has been shown to cause choroidal thinning. 3 Recently, baseline subfoveal CT was shown to help predict which patients with DME will respond more favorably in the short term to intravitreal anti-VEGF pharmacotherapy. 8 Ocular pulse amplitude (OPA) is the difference between diastolic and systolic intraocular pressure (IOP) and represents the magnitude of change in IOP with the ocular pulse. OPA, caused by cardiovascular pulsations and ocular blood flow, is an index of choroidal perfusion. 9, 10 Despite growing evidence demonstrating alterations to the choroidal vasculature in DME, the relationship between CT and OPA has not been studied. The aim of this study is to evaluate and compare the OPA and CT measurements in treatment-naive eyes with DME and healthy subjects.
Materials and methods
A total of 34 patients (12 male and 22 female) who had type 2 diabetes mellitus with DME and 34 sex-matched healthy subjects (13 male and 21 female) were included in this prospective study.
We have recruited all the patients from our retina department, in University of Turgut Özal, from December 2013 to August 2014. DME was diagnosed by the examining physician as defined by the Early Treatment Diabetic Retinopathy Study. 11 Center-involving DME with central macular thickness over 275 μm on OCT was also required for diagnosis. 12 Inclusion criteria were age over 18 years, a best-corrected visual acuity (BCVA) between 1.0 and 0.3 (logMAR) and without prior anti-VEGF therapy. The exclusion criteria were a history of glaucoma, severe cataract, venous occlusions, epiretinal membrane visible by OCT, age-related macular degeneration, uveitis, history of cataract surgery (within the previous 6 months), YAG laser capsulotomy (within 2 months prior to the trial), previous vitrectomy, DME previously treated with recent panretinal or grid laser photocoagulation, and intravitreal or periocular corticosteroids (within 3 months prior to investigation). Only one eye from each subject was included for analysis. If both eyes qualified, the eye with worse BCVA was selected. All examinations were performed between 1300 to 1500 hours to avoid diurnal variations. 13 Pertinent clinical data recorded included patient age, sex, hypertension, duration of diabetes mellitus, baseline and follow-up BCVA, complete biomicroscopic examination findings, spherical equivalent (SE) values of refractive errors and axial length (AL) measured by using optical biometer (AL scan). An informed consent was obtained from the subjects. This study was approved by the Ethics Committee and was conducted in accordance with the Declaration of Helsinki Principles.
The OPA and IOP measurements were done with the dynamic contour tonometer (Pascal DCT; Swiss Microtechnology AG, Port, Switzerland). This noninvasive contact device is attached to a slit-lamp biomicroscope and it has a 7-mm tip diameter and a 1.2-mm pressure sensor diameter. OPA was calculated as the difference between the systolic and diastolic IOP. Three DCT measurements were performed to achieve a good-quality measurement (quality level 1-2) and the data from the better quality measurement were taken for analysis.
The CT measurements were performed by using the Cirrus HD-OCT (Carl Zeiss Meditec Ophthalmic Systems Inc., Dublin, CA, USA), which uses light at 840-nm wavelength with an axial resolution of 5 μm in tissue. The protocol of HD 5-Line Raster spaced at 0.25 mm was performed centering on the fovea, which is consisted of 6-mm parallel lines with 1024A-scans/B-scans and averaging 4 B-scans per image. There was no available enhanced-depth imaging (EDI) option on the version of the Cirrus HD-OCT used in the study. However, the single-line mode of the HD 5-line Raster scan manages 4096 consecutive axial scans along the same predetermined line. The CT was measured manually as the distance between the basal edge of the retinal pigment epithelium and the chorioscleral border using a caliper tool, at five points; directly beneath the fovea or the subfoveal area, and at the temporal and nasal points at a radius of 1500 and 3000 μm. The outer choroidal border can be well visualized on the single line HD 5 image in all patients included in the study ( Figure 1 ). In total, three consecutive measurements were performed by one experienced ophthalmologist for all five points for each participant and the average of three measurements was used for statistical analyses.
Statistical analysis was performed using SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). The normality of the distribution of the study sample was assessed by the Shapiro-Wilk test. Independent samples t-test was used Figure 1 OCT image of a DME patient (a) and a healthy control (b) on Cirrus. White lines show choroidal thickness measurements retrieved perpendicularly from the outer edge of the hyper-reflective retinal pigment epithelium. It was measured at five points; the subfoveal area, and the temporal and nasal points at a radius of 1 and 3 mm. to analyze the differences in the measured parameters between controls and DME patient. A linear regression analysis was used to evaluate the effect of the OPA on the CT measurements. Pearson's correlation coefficient was used to evaluate the correlation between IOP and OPA measurements. P-value o0.05 were considered to be statistically significant.
Results

Baseline characteristics
Complete baseline characteristics and outcomes are listed in Table 1 . The mean age of DME patients and control subjects was 61.0 ± 7.1 and 56.7 ± 7.2 years, respectively (P = 0.019). In the DME group 25 eyes were phakic (73%) and 34 (100%) were phakic in the control subjects. The mean HbA1c were 7.3 ± 1.7 and 6.3 ± 1.5 in DME and controls, respectively (Po0.001). The mean BCVA of DME patients and controls were significantly different (Po0.001; Table 1 ). The mean SE was not significantly different between groups (P = 0.36). The mean AL of DME patients and controls were 23.25 ± 0.64 mm and 23.41 ± 0.75 mm, respectively, and the difference was not statistically significant (P = 0.350). The mean central foveal thickness was 414 ± 148 μm in DME and 212 ± 20 μm in control subjects (Po0.001). The mean IOP values were 18.4 ± 3.5 and 17.1 ± 2.1 mm Hg in DME patients and healthy controls, respectively. IOP values did not show significant difference between the groups (P = 0.091). The mean OPA values in patients with DME (2.58 ± 0.96) and controls (3.52 ± 1.03) were statistically different (Po0.001).
The IOP showed a significantly positive correlation with OPA in both DME (P = 0.002, r = 0.526) and controls (P = 0.004, r = 0.483).
CT measurements
The mean subfoveal CT value was 273.5 ± 30.2 μm in the eyes with DME and 321.4 ± 36.5 μm in the control group. The difference was statistically significant (Po0.001). Similarly, statistically significant difference was found for nasal and temporal CT measurements between the two groups (Po0.001; Table 2 ). Linear regression analysis did not reveal any significant association between OPA and CT measurements in DME patients (P-values ranged between 0.298 and 0.943) and controls (P-values ranged between 0.262 and 0.319; Supplementary Table 1) .
According to linear regression analysis age had no effect on the CT measurements in DME patients (P values ranged between 0.649 and 0.945) and controls (P values ranged between 0.702 and 0.947).
Discussion
To our knowledge, this is the first study investigating the relationship between CT and OPA in treatment-naive patients with newly diagnosed DME. The results demonstrated that the CT and OPA were significantly decreased in DME patients; however, they did not show any significant correlation. The function of the choroid is to transport blood and nutrients to the outer retinal layers. 14 The choroidal thinning observed by serial EDI OCT imaging is corroborated by histopathologic findings of narrowing of choroidal arterioles, choriocapillaris atrophy, and capillary dropout in eyes with diabetic retinopathy. 15, 16 Langham et al 17 performed an ocular hemodynamic study revealing a progressive decrease in choroidal blood flow with increasing severity of the underlying diabetic retinopathy. Similarly, laser Doppler flowmetry studies have shown reduced choroidal vascular flow and volume in eyes with diabetic retinopathy. 18 The decrease in observed blood flow may be attributable to an increase in vascular resistance from capillary dropout and choriocapillaris atrophy. 2 These changes may result in ischemia to the outer retina and RPE, which leads to an increase in VEGF expression in the RPE and microvascular endothelial cells, potentiating breakdown of the blood-retinal barrier, and ultimately resulting in DME. 19 Hence, the choroid may indeed have a significant role in the pathophysiology of DME.
CT studies in diabetes have produced diverging results, however, with some reports suggesting choroidal thickening, thinning, and no change in eyes with diabetic retinopathy. CT measurements in eyes with DME similarly have been inconsistent. 2, 20 One important explanation for these variable results is the significant variability of CT in these retrospective, cross-sectional studies. CT has been shown to vary with age, 21 refractive error, 22 and even time of day. 23 To overcome the effect of these variables we compared the CT measurements in sex and spherical refraction matched DME and controls that were performed at the same time of the day to avoid diurnal variations. However, the age was statistically different between study groups. To overcome this limitation we used a regression model and found no significant correlation between CT measurements and age for both groups.
Moreover, many of these studies include eyes that received treatment with intravitreal anti-VEGF therapy, which has been shown to cause choroidal thinning in other diseases such as age-related macular degeneration. 24, 25 Studies have demonstrated that VEGF secreted by RPE cells has a trophic role on the choroidal vasculature. 26 Therefore, blocking the action of VEGF on the choroid with anti-VEGF therapy, the permeability of the choroidal vasculature decreases, which can be noted by a decrease in CT. Lains et al 3 demonstrated a significant decrease in CT in DME patients following treatment with anti-VEGF therapy. In a more recent study by Yiu et al, 27 CT was also found to decrease significantly in patients receiving anti-VEGF therapy. In this study we included patients without prior anti-VEGF treatment to overcome this limitation. By choosing to include only treatment-naive patients our study is better able to examine the CT in DME.
OPA is caused by cardiovascular pulsations and ocular blood flow and is a hemodynamic parameter reflecting mainly choroidal perfusion. 9, 10 The OPA has been used in many studies as an indirect measure of the choroidal perfusion. Differences in IOP values during systole and diastole are used to calculate an index that estimates ocular blood supply, of which 70-80% is choroidal. 28 There are many different methods for measuring the OPA and choroidal perfusion. 29 Pascal DCT is designed to measure IOP and OPA, and hence it can also provide choroidal hemodynamics global data, mainly on the pulsatile choroidal component. DCT is more accurate than Langham ocular blood flow 30 in measuring the IOP and OPA and was recently shown to have good concordance with intracameral IOP. 31 Recent studies showed a positive correlation between DCTs OPA and IOP. 32 Similar to the reports in literature they were positively correlated in our study population.
OPA values were significantly reduced in our DME patients compared with the age and sex-matched healthy subjects. However, OPA did not show any significant correlation with the CT measurements in both groups. Similar results were also reported by the recent novel studies on chronic heavy smokers 33 and acute migraine attack 34 confirming decreased OPA values along with decreased CT. The OPA is mainly the result of global choroidal pulsation; however, the subfoveal CT is measured only at the posterior pole. The currently available OCT devices can measure the CT in this limited area. Therefore, we do not actually know whether these parameters are correlated unless the mean global CT is measured. Furthermore, as OPA is mainly the result of global choroidal pulsation; it may not be the best method to evaluate the possibility of choroidal perfusion abnormalities in the macular area. To assess these choroidal circulation abnormalities, other methods including semiquantitative indocyanine green angiography can be used. Our results may also be associated with the variability of participants included in the study.
This study has some limitations that should be considered. Although the HD 5-line Raster images have very high resolution, the choroid-sclera junction could not be visualized with absolute certainty in some patients. However, we did not include those subjects because we were not able to mark the choroidal outer boundary with certainty.
In addition, the power of the current study was fairly limited. To overcome this limitation, we have performed a linear regression analysis in this normally distributed sample.
In conclusion, the current study suggests that both pulsatile choroidal blood flow and CT are decreased in patients with DME without prior anti-VEGF treatment. However, no correlation was found between these parameters in DME. Further studies including histopathological changes should be performed to reveal the choroidal tissue changes in DME, as CT measurements cannot show the ultrastructural changes.
Summary
What was known before K Choroidal thickness (CT) is decreased in patients with diabetic macular edema (DME).
What this study adds K Both pulsatile choroidal blood flow (ocular pulse amplitude) and CT are decreased in patients with DME without prior anti-vascular endothelial growth factor treatment.
